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Traditional and recent contest theory predicts that injurious fighting is more likely to occur 49 when the potential benefits to be gained exceed the potential costs (Maynard Smith, 1973; 50 Parker, 1974; Lane and Briffa, 2017) . Operationally this means that fighting behaviour is 51 driven by two main variables, fighting ability or resource holding potential (RHP) and 52 resource value (RV). The costs of entering a fight will be driven by differences in RHP 53 between the opponents (e.g. energy expended, injuries incurred) while the potential 54 benefits to be gained from fighting will equate to the value of the contested resource (RV). 55 Although RHP and RV have been the subject of many studies on contest dynamics (i.e. 56 patterns of escalation and duration), most work examines either RHP (Briffa and Elwood, 57 2000; Dissanayake et al., 2009) or RV (Mohamed et al., 2010; Stockermans and Hardy, 2013;  58 Palaoro et al., 2017) . In reality, these factors will affect contest behaviour simultaneously 59 and thus it is important that we understand their additive and interactive effects. 60 Furthermore, variation in RHP and RV can be influenced by both extrinsic and 61 intrinsic factors. Extrinsic (or objective) sources of variation in RV (Stockermans and Hardy, 62 2013) derive from the absolute properties of the resource unit such as the size of a territory 63 4 or the number of calories in a piece of food, while intrinsic (subjective) RV reflects the 64 subjective value different individuals place on the same resource. Fights can be affected by 65 one or both of these RV components. For instance, the intensity of fights between female 66 parasitoid wasps, Goniozus legneri, is driven by both extrinsic (host size) and intrinsic 67 (female age) factors, with intrinsic RV having the greatest overall impact as the value of 68 finding a host increases dramatically with female age (Stockermans and Hardy, 2013) . 69 Meanwhile variation in RHP is generally considered to be determined only by intrinsic 70 factors such as body size, weapon size, condition and metabolic rate, factors driven by 71 genes, development and the effects of prior contest experiences e.g. damage sustained. Yet 72 contest intensity can also be affected by rapidly fluctuating extrinsic factors such as 73 environmental conditions, particularly those expected to affect an individual's capacity for 74 performing energetically demanding aggression, (e.g. oxygen availability [Briffa and Elwood, 75 2000; Sneddon et al., 1999] and the presence of environmental toxins [Dissanayake et al., 76 2009]). Thus variation in RHP may also be driven by extrinsic RHP components (henceforth 77 'extrinsic RHP') via their influence on physiological factors that drive fighting performance. 78 Despite the potential for extrinsic effects on RHP, contests are usually studied in 79 experimental set-ups in which environmental conditions are held constant. While this may 80 allow the effects of intrinsic RHP to be investigated, by ignoring extrinsic drivers of RHP we 81 may be overestimating the importance of these intrinsic RHP traits. Furthermore, 82 experiments in which external conditions are manipulated could allow us to test key ideas 83 about the evolution of fighting behaviour. For example, experiments designed to distinguish 84 between the assessment rules used by individuals during fights (mutual versus self-85 assessment -Payne and Pagel, 1997; Payne, 1998) typically test for correlations between 86 some continuous measure of intrinsic RHP (e.g. body size) and contest duration. As losers 87 5 decide when a contest ends, contest duration should always increase with the RHP of the 88 loser, but if mutual assessment is being used there should also be a negative correlation 89 with the RHP of the winner (Taylor and Elwood, 2003; Arnott and Elwood, 2009 ). There are, 90 however, limits to this correlative approach (Briffa and Elwood, 2009 ) and manipulating 91 extrinsic RHP offers an alternative way of probing assessment rules. Providing that the 92 extrinsic RHP of each opponent can be manipulated independently, we could incorporate a 93 categorical extrinsic RHP predictor into analyses that are analogous to the correlative tests 94 currently used. 95 In nature, extrinsic sources of RHP variation may be particularly important for 96 animals living in spatially and temporally heterogeneous habitats, in which fights can occur 97 between rivals that have recently been exposed to different environmental conditions. The 98 rapidly changing environment experienced within intertidal zones, for example, means that 99 seawater parameters, including dissolved oxygen content and temperature, can vary across 100 small spatial and temporal scales. Furthermore the exposed nature, particularly on the 101 upper shore, provides motivation for conflict as individuals vie to gain suitably sheltered 102 territory before the tide goes out. Exposure to low dissolved oxygen levels (hypoxia) has 103 been shown to reduce the fighting ability of marine invertebrates, by reducing their capacity 104 to meet the energetic demands of fighting. For example, hermit crabs Pagurus bernhardus 105 exposed to hypoxic conditions fight with less vigour and are less likely to win fights 106 compared with crabs exposed to normoxic seawater (Briffa and Elwood, 2000) . Another 107 intertidal marine invertebrate, the beadlet sea anemone Actinia equina, fights over limited 108 space on rocky shores, using specialised stinging structures called acrorhagi to attack rivals 109 and convince them to relinquish their territory (Williams, 1978; Brace et al., 1979; Bigger, 110 1982) . Although anemones are sedentary, conflicts over territory cause individuals to move 111 6 across the rocks and between the microclimates created by the changing tides. Thus 112 anemones are likely to come into contact with individuals that have recently experienced 113 different levels of dissolved oxygen, and consequently differ in their extrinsic RHP. 114 Furthermore, exposure to different environmental conditions is known to drive variation in 115 extrinsic RV in A. equina, with individuals exposed to flowing seawater demonstrating 116 increased persistence during fights in comparison with individuals exposed to still water 117 (Palaoro et al., 2017) , reflecting a higher value placed on territories that experience greater we test the idea, for the first time to our knowledge, that extrinsic variation in RHP 128 (manipulated through dissolved oxygen concentration prior to fights) and RV (manipulated 129 through seawater flow rate during the fight), and the interaction between them, should 130 influence the intensity and outcome of contests. If dissolved oxygen represents an extrinsic 131 source of RHP difference, anemones exposed to higher levels of dissolved oxygen should 132 escalate more and persist for longer than those exposed to low dissolved oxygen, and 133 ultimately should win more fights. Similarly, as flow rate represents an extrinsic RV variable 134 (Palaoro et al., 2017 ), anemones exposed to flowing water should escalate more and persist 135 7 for longer than those exposed to still water and should defeat opponents of similar RHP. If 136 these two factors have an interactive effect, the most intense fights are predicted to occur 137 when both opponents are exposed to high oxygen and high flow, and the least intense fights 138 occur when both are exposed to low oxygen and still water. Thus, the chance of victory 139 should be greatest for focal individuals exposed to higher dissolved oxygen fighting against 140 opponents exposed to low dissolved oxygen under high flow conditions. We also 141 incorporate intrinsic RHP traits into our analysis in order to determine how their influence 142 on contest behaviour may be modified by the external environment, and to determine the 143 relative importance of intrinsic and extrinsic RHP. Finally, as described above, we use the 144 data from this experiment to demonstrate how manipulation of extrinsic RHP can be used 145 as an alternative means of probing assessment rules during animal contests that avoids the 146 need for correlative analyses based on intrinsic RHP variation. Manipulating resource holding potential and resource value 164 All anemones were given a 7-14 day acclimatisation period before they were dislodged from 165 their position in the tank and provided with stones to attach to. Anemones were then 166 randomly allocated to one of two treatments -hypoxic (H) or normoxic (N) seawater. The 167 following day, anemones allocated to the hypoxic treatment were exposed to hypoxic 168 conditions for 30 minutes prior to being introduced to an opponent. Hypoxic conditions 169 were produced by bubbling nitrogen (rather than the usual air) into the anemone's tank After the fights the minimum and maximum pedal disc diameters of each anemone were 209 measured using callipers to the nearest 0.1mm. As pedal disc shape is elliptical, body size 210 was then calculated for each anemone as the average of the minimum and maximum 211 diameter (Brace and Quicke, 1986) . Tissue samples from acrorhagi that had not been used 212 in the contest were taken from each anemone using forceps, spread onto a glass slide and 213 stained using 1% methylene blue solution (Manuel, 1988) . Anemones are capable of rapidly 214 regenerating body parts (Brockes and Kumar, 2008; Leclère and Röttinger, 2017) and hermit crabs, P. bernhardus, pre-exposed to hypoxic seawater fight less 327 intensely than those exposed to normoxic seawater (Briffa and Elwood, 2000) . As in the 328 cases of these decapod crustaceans, it also appears that that exposure to hypoxia caused a 329 reduction in RHP in A. equina, since exposed individuals persisted for less time. However, high (i.e. in the presence of flowing water). Thus, low extrinsic RHP appears to increase the 349 motivation to escalate but only when the contested resource is of high value. 350 Since we manipulated the extrinsic RHP independently for each opponent, we could 351 also test for its effects on tactical (i.e. escalation) and strategic (i.e. giving up) decision-352 making. Furthermore, we were able to ask whether these effects were modified by 353 resource value. During escalated fights, focal individuals inflicted a higher number of peels 354 on their opponent when both individuals had experienced the same pre-treatment prior to 355 the contest. This result was expected as a general prediction of theory is that contests 356 should be more intense, in terms of the agonistic tactics used, when opponents are 357 matched in RHP (e.g. Enquist and Leimar, 1983) . The outcome of a contest is expected to be 358 driven by a similar interaction between contestant RHPs, such that (regardless of whether 359 self or mutual-assessment is being used) an individual's chance of winning should ultimately 360 be driven by the difference between its own RHP and that of the opponent, but we did not 361 find this result here. Rather, there was a three way interaction between resource value, the 362 extrinsic RHP of focal individuals and the extrinsic RHP of their opponents. Furthermore, this 363 interaction was driven primarily by the distribution of draws across the treatments, rather shown to differ between winners and losers in previous studies (e.g. Rudin and Briffa, 2011; 389 2012) . In those studies, extrinsic components of RHP and RV were not manipulated, so it is 390 possible that in the current study the effects of these extrinsic factors have over-ridden the 391 effects of intrinsic RHP. This still leaves the question of what might have differed between 392 winners and losers in contests where both opponents had been treated identically. One 393 possibility is that winners and losers differed physiologically such that winners were best 394 able to take advantage of the normoxic conditions. In giant freshwater prawns, 395 Macrobrachium rosenbergii, (Brown et al., 2003) What seems apparent is that, as in other marine species, dissolved oxygen (perhaps 411 in conjunction with intrinsic physiological traits) represents an extrinsic source of variation 412 in RHP for sea anemones. Since we manipulated dissolved oxygen independently for each 413 opponent there is the potential to use the two RHP levels (normoxic = high RHP; hypoxic = 414 low RHP) to probe the assessment rules used in the fights. In the case of losers, fights lasted 415 longer when they had been pre-treated with normoxic sea water, whereas the pre-416 treatment of winners had no effect on contest duration. This pattern indicates that losers 417 give up when they cross a threshold of persistence but that this decision is not influenced by 418 the RHP of the opponent. In a previous study (Rudin and Briffa, 2011) we found an 419 analogous result based on intrinsic RHP measures in A. equina that also indicated the use of 420 19 self-assessment. In that case, however, the ability to identify an assessment rule was 421 dependent on the choice of intrinsic RHP trait used in the correlative analysis. When 422 nematocyst length was chosen as the measure of RHP, the data clearly indicated self-423 assessment but when dry mass was used there was no correlation between contest 424 duration and either winner or loser RHP. An explanation for that discrepancy was that the 425 importance of each intrinsic RHP trait depended on the level of escalation reached during 426 the fight. Understanding how different RHP traits contribute across escalation levels in a 427 contest is important but at the same time these differences in the importance of RHP traits 428 can hinder our ability to probe assessment rules. Furthermore, by relying on correlative data 429 there is the risk that additional unmeasured variables that co-vary with an assumed 430 predictor (i.e. body size or weapon size) might drive or obscure the patterns of interest. The 431 current data, where extrinsic RHP appears to override the intrinsic traits that normally 432 predict victory, show how manipulation of fighting ability offers an alternative approach 433 that can potentially be used to clarify conclusions based on intrinsic RHP traits. 434 While many studies have investigated the effects of RHP and RV on animal contests, 435 relatively few have directly tested the interactions between these factors. An exception is 436 Stockermans and Hardy (2013), who investigated the effects of subjective (i.e. intrinsic) RV, 437 objective (i.e. extrinsic) RV and intrinsic RHP, revealing additive rather than interactive 438 effects between the RV and RHP components studied. A potential difficulty in identifying 439 interactions between RHP and RV is that intrinsic RHP components are difficult to 440 manipulate. While extrinsic sources of RHP have been manipulated previously (Sneddon et 441 al., 1999; Briffa and Elwood, 2000) , this is the first study to our knowledge to vary extrinsic 442 RHP independently for each opponent in conjunction with manipulating extrinsic RV. In 443 systems where it is feasible, manipulation of extrinsic RHP may be a useful step in probing 444 20 or confirming contest assessment rules. Furthermore, differences in extrinsic RHP are likely 445 to be important for animals living in heterogeneous environments, especially if they come 446 into contact with individuals that have recently experienced different environmental 447 conditions. Here we have shown how the extrinsic RHP of both opponents can interact with 448 extrinsic RV and, in sea anemones, over-ride the effects of the intrinsic RHP traits that are 449 normally studied. Thus, it seems probable that fights in a natural setting are governed by a 450 set of interactions between intrinsic and extrinsic components of RHP and RV. In order to 451 fully understand the evolution of fighting behaviour, further experiments that investigate 452 the interactions between these factors will be needed. 
